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Resoruf in  (7-hydroxy-3-phenoxazinone)  r e ac t s  with thiophenols to give 2,8-di(arylthio) 
der iva t ives .  The site of ent ry  of the nucleophilic res idues  indicates  protonat ion of 
r esoruf in  at the r ing ni t rogen atom. The changes in the absorpt ion spec t r a  of the a r y l -  
thio der iva t ives  of r esoruf in  in the x~isible region as a function of the pH of the solution 
a r e  assoc ia ted  with the ac id -base  dissociat ion of these  compounds with r e spec t  to the 
hydroxyl  group. The ionization constants  of some 2,8- and 2 ,4 ,6 ,8- te t rasubs t i tu ted  
re so ru f in  der iva t ives  were  measu red .  

3-Phenoxazinone has  two elect rophi l ic  centers  - one in the benzoid r ing (in the p a r a  posi t ion re la t ive  
to the ni trogen atom) and one in the quinoid r ing [2]. In the p re sen t  p a p e r  we have examined the reac t ion  of 
thioplienols with resoruf in  (I), in which the posit ion cha rac t e r i s t i c  for  nucleophilic a t tack in the benzoid ring 
is occupied by a hydroxyl  group; only the reac t ion  center  in the quinoid r ing r ema ins  open. 

The reac t ion  of I with thiophenols occurs  only under acid ca ta lys i s  conditions, i .e. ,  under  the condi-  
t ion of p r i o r  protonat ion of the resoruf in  molecule.+ In this  case ,  despite our expectat ions,  di(arylthio) 
resoruf in  de r iva t i ve s  I I -V (Table 1) r a t he r  than mono(arylthio) der iva t ives  were  isola ted.  An examinat ion 
of the resonance  s t ruc tu re s  shows that act ivat ion of the 1 and 9 posi t ions for  nucleophil ic  a t tack can be ex-  
pected when reso ru f in  is protonated at the exocyel ie  oxygen a tom.  Protonat ion a t  the r ing ni t rogen a tom 
will p romote  reac t ion  at the 2, 4, 6, and 8 posi t ions .  The p rob lem of protonat ion p re sen t ly  r ema ins  un- 
solved: thus, the addition of a proton to the earbonyl  group is examined in [3, 4] (in [5] this poss ib i l i ty  is 
cons idered  for  the re la ted  3-phenothiazone),  while addition of a proton to the r ing ni t rogen a tom is con-  
s idered  in [6, 7]. 
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*See [1] for  communicat ion VI. 
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TABLE 1. 

Corn-I 
pound 

II 
III 
IV 
V 

VII 
VIII 

IX 
XI 

XIII 
XVI 

mp, ~C 

230--231 a 
280--281 a 
288--290~ 
253--255 
205--207 c 
220--221 d 
201--202 a 
951~252~ 
249--250P 
263---265 ]. 

Ar 4thio Der iva t ives  of Resoruf in  

Empir ica l  
formuta c : H 

C~HmNO~Se t 68,4 i 4,4 
C,24HIsNOzS2 : 67,0 3,6 
C24HI~NaOTS2 ] 55,31 3,0 
C26H15NOTS2 I - -  i - -  
C4oH31NO3S4 e 68,4 i 4,5 
C26HITBreNOsS2 50,0 2,8 
C2sH2~NO~S~g 69 ,3  i 4,8 
Ca2HsBr• * 39,2 '. 1,5 
C~IHI~NO3S 69 2 i 4,7 
C~Hz3NO3S2 I 69:2 ! 4,8 

Found, % ! 

N S I C  

3 [  141 68,2 
3,3 14,8 6Z, l 
7,9 12,1 , 55,1 
- -  12,9 i - -  
- -  18,3 i68,2 
- -  50,6 i 50,6 

- -  113,0 169,3 
4,0{ - -  '38,9 
- -  ; 8,8 169,5 
- -  113,1 !69,5 

Calc., % 
H N 

4,6 3,1 
3,5 3,3 
2,6 8,1 

4,5 
2,8 
4,8 
114 ~,8 
4.8 
4,8 - -  

i Yield, 
s I~ o 

14,0 23 
14,8 20 
12,3 26 
12,5 25 
18,1 50 
10,5 90 
13,2 30 

35 
�9 ~ 82 
13,2 89 

Note: aFrom isoamyl alcohol, bFrom 80% alcohol. CFrom n-butyl 
alcohol, dFrom n-butyl alcohol-isoamyl alcohol (I : i). eFound: 
Br 25.5%. Calculated: Br 26.0%. fFrom dimethyl formamide. 
gFound: Br 43.3%. Calculated: Br 43.1%. hFrom benzene or ethanol. 
iFrom ethanol. 

C'I0  -4  

6 ' 8 1  6" 

5 

5,1 
4 

3~4 

117 

420 500 600 7~ ~, rlm 

Fig.  1. Absorpt ion s p e c t r a  of alcohol  solutions 
of II (1-6, c 10 -4 M, l a y e r  th ickness  5 mm):  
15 pH 2.50; 25 pH 3.10; 3) pH 4.10; 45 pH 5.00; 55 
pH 5.95; 6) pH 7.10; 7) IX (e 5 �9 10 -5 M, l aye r  
th ickness  5 ram).  

In the p resen t  paper ,  the posi t ion of the two 
aryl th io  res idues  in the resoruf in  der iva t ives  was 
es tab l i shed  by a s e r i e s  of reac t ions ,  and the s i te  of 
protonat ion of I during the desc r ibed  reac t ion  was  
t he reby  de te rmined .  

It is known [1] that  the b romine  a tom in b r o m o -  
phenoxazinones is only sl ightly labile  and does not 
undergo nucleophilic substi tut ion.  Proceeding  f rom 
this ,  one might  have expected that the reac t ion  of 
2 , 4 , 6 , 8 - t e t r a b r o m o -  7-hydroxy-3-phenoxazinone  (VI) 
[8] with th ioc reso l  would give 1,9-di( tolyl thio)-2,4,6,8-  
t e t r a b r o m o r e s o r u f i n  in the case  of protonat ion of the 
molecule  at the oxygen a tom of the carbonyl  group. 
However,  it was es tab l i shed  that  all  of the bromine  
a toms  in t e t r a b r o m i d e  VI a r e  read i ly  exchanged by 
aryl thio  res idues  to give 2 ,4 ,6 ,8- te t ra( to ly l th io)-  
r e so ru f in  (VII). The brominat ion  of II leads to di-  
b romo der iva t ive  VIII, the r ep lacemen t  of the b romine  
a toms in which by aryl th io  groups  gives a compound 
that  i s  comple te ly  identical  to VII. This  excludes ac -  
t ivat ion of the 1 and 9 posi t ions  during the reac t ion .  
An additional conf i rmat ion is the format ion  of di(tolyl-  
thio) der iva t ive  IX during the reac t ion  of 1 ,9 -d imethyl -  
r esoruf in  with th ioc reso l .  

F o r  the definitive es tab l i shment  of the s t ruc tu re  of di( tolyl thio)resorufin II and, consequently,  o ther  
di(arylthio) de r iva t ives ,  one of the poss ib le  i s o m e r s  - 2 ,8-di ( to ly l th io) -7-hydroxy-3-phenoxazinone - was 
obtained by independent syn thes i s .  2 ,4-Dihydroxybromobenzene  (X) r eac t s  with sodium ni t r i te  in acidic 
media  (a known method for  the p r epa ra t i on  of r e so ru f in  f r o m  r e so rc ino l  [9]) to give 2 ,8 -d ib romoreso ru f in  
(XI) (35% yield), which has  a known or ienta t ion of the bromine  a toms .  On heating with th iocreso l ,  the b r o m -  
ine a toms  in this  compound a r e  smoothly  exchanged by aryl th io  r e s idues  to give 2 ,8-d i ( to ly l th io) -7-hydroxy-  
3-phenoxazinone,  which is ident ical  to II obtained d i rec t ly  f rom re so ru f in  (see the above scheme) .  Thus 
the addition of thiophenols to resor t i f in  p roceeds  at the 2 and 8 posi t ions,  and this  in turn  is evidence for  
protonat ion at the r ing ni t rogen a tom.  

The en t ry  of two thiophenol res idues  into the resoruf in  molecule  is p robab ly  assoc ia ted  with the p o s -  
s ibi l i ty  of quinoidization of the  benzoid ring, inasmuch  as only one thiophenol molecule  is added in the 2 
posi t ion (in analogy with 3-phenoxazinone) in the case  of 7-e thoxy-3-phenoxazinone (XII). 

Like phenoxazinones [10], H-IV, VI-VIII, and XI have two c h a r a c t e r i s t i c  absorp t ion  bands in the n e a r  
UV region (210-220 and 230-245 nm), the p r e s e n c e  and posit ion of which a r e  independent of the pH of the 
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TABLE 2. Spectra and pK a Values of Resorufin Derivatives (50% 
alcohol, 20~ 

Corn- krnax of the non- I 
pound ionizednrn form, 1 

I 

ti 
481 
505 
494 
488 
505 
495 
488 
492 

3,78 
4,41 
3,98 
4,50 
4,33 
4,40 
4,30 
4,36 

kmax of the 
', ionized form, 
, nm 

�9 l g  E 

576 5,14 
626 5,17 
624 5,21 
600 4,95 
640 5,22 
595 5,C6 
634 4,83 
@6 4,98 

Ill 
IV 

\'Ill 
XI 

VII 
VI 

P/<a 

6,85-0.03 
5,78-+0.03 
5,75• 
4,88• 
4.86_+0,02 
4,38• 
3,41 • 
2,16• 

solution. These compounds have two maxima in the visible region, the position and intensity of which de- 
pend on the pH of the solution; this is, in all likelihood, associa ted with a c i d - b a s e  dissociat ion with respect  
to a hydroxyl group of the phenol type. There  is only a long-wave band (620-650 nm) in the spec t ra  at 
pH > 5 for  II-IV and at pH > 3.5 for  VI-VIII and XI, while there  is only a short-wave band (482-506 nm) in the 
spect ra  for  II-IV at pH < 4 for VI-VIII and XI at pH < 2. Both of the indicated bands are  observed in the spec-  
t r a  of all of the compounds at intermediate pH values. 

If the assumption of a c i d - b a s e  dissociation is cor rec t ,  the long-wave absorption maximum that ap- 
pears  in the more  alkaline region is related to the absorption of a symmet r ica l  anion, while the short -wave 
absorption maximum that is observed in more acidic solutions is related to the absorption of the undisso-  
ciated form of the dye. 

T o  confirm this, we synthesized 2,8-di(tolylthio)resorufin ethyl ether (XV1) through the sodium (XIV) 
and si lver  (XV) salts of II and subjected it to spectroscopic  investigation. The position of the absorption 
maximum of an alcohol solution of XVI is independent of the pH of the solution (it remains  constant at ~ 500 
nm) and is close to the position of the sho r t -wave  maximum of an aqueous alcohol solution of II (Fig. 15. 
Inasmuch as XVI is incapable of a c i d - b a s e  dissociation and exists only in the undissociated form, the shor t -  
wave absorption maximum of II (and of III, IV, v I -v I I I ,  and XI) should be related to the absorption of a s y m -  
met r ica l  anion. Thus the change in the spect ra  of solutions of the investigated Compounds as the pH in- 
c reases  is due to splitting out of the proton of the hydroxyl group. 

To determine the effect of the nature of the substituents in the 2, 4, 6, and 8 positions of resoruf in  on 
the strengths of the investigated acids, we studied the ionization constants (PKa) of II-IV, VI-VIII, and XI 
by the speetrophotometr ic  method in [11]. The weakest acid is unsubstituted resoruf in  (I, pK a 6.85, Table 
25. The introduction of both bromine atoms and arylthio residues leads to an increase  in the acid ionization 
as compared with resorufin,  i.e., the arylthio residues,  like bromine atoms, display e lec t ron-aeceptor  prop-  
er t ies  with respec t  to resorufin.  

The higher acidity of IV in the 2,8-disubstituted resorufin ser ies  is associa ted with the s trong e lec-  
t ron-accep to r  effect of bromine atoms; the e lee t ron-acceptor  effect of the arylthio residues is exerted to 
a l esse r  extent. 

The value of the ionization constants of 2,8-di(arylthio) resoruf in  derivatives is in good agreement  
with the d o n o r -  acceptor  proper t ies  of substitutents in the pa ra  position of the arylthio group. The int ro-  
duction of a nitro group into the pa ra  position relat ive to the thio group re inforces  the e lec t ron-accep tor  
effect of the arylthio residue and leads to an increase  in the ionization of the IV molecule as compared with 
III; the e lec t ron-donor  methyl group (ID induces only a slight r everse  effect. 

Bromine atoms have the greates t  effect on the pK a values in the investigated 2,4,6,8-tetrasubsi tuted 
resoruf in  derivatives and in 2,8-disubstituted resoruf in  derivat ives.  Thus, for example, t e t r a b r o m o r e s o r u -  
fin (VI, pK a 2.16, Table 25 is a s t rong acid, while the effect of the arylthio res idues  is less significant in the 
case of the tetrasubst i tuted derivat ives.  

EXPERIMENTAL 

The electronic spectra of If-IV, VI-VIII, and XI were obtained with an SF-10 spectrophotometer. So- 

lutions of II, III, VI-VIII, and XI (1 �9 10 -4 M in 96% ethanol5 and of IV (3 �9 10 -5 M in 96% ethanol) were pre- 
pared for the speetrophotometric measurements. 

- The ionization constants were measured in 50% ethanol with anSF-4 spectrophotometer. Ammonia-ace- 
tate buffers were used as buffer solutions. The starting solution for VI was a 0oi N solution in hydroehloric acid. 
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2,8-Di(p- tolyl thio)resorufin (II). A) A 0.8 g (0.006 mole) sample of p - th ioereso l  and a few drops of 
concentrated hydrochlor ic  acid were  added to 1 g (0.005 mole) of resoruf in  in 20 ml of ethanol. The teuco 
compound began to form gradually,  and the solution became green.  In o rder  to oxidize the leuco compound 
to dithio derivative II, the mixture was allowed to stand in the air  at room tempera tu re  for 3 days with per i -  
odic s t i r r ing .  The mixture  became brown, and the c rys ta l s  were removed by fi l tration and washed with 
alcohol to give 0.3 g of II (Table 1) : 

B) A total of 0.5 g (40%) of dithio derivat ive II was s imi lar ly  obtained f rom 1 g (0.003 mole) of di- 
b romoresoruf in  XI and 0.9 g (0.007 mole) of p- th iocresol .  

2,8-Di(phenylthio)resorufin (III), 2 ,8-Di(p-ni trophenylthio)resorufin (IV), and 2,8-Di(o-carboxyphenyl-  
thio)resorufin (V). These compounds were s imi la r ly  obtained by method A (Table 1). 

2 ,4 ,6 ,8-Tetra( tolyl thio)resoruf in  (VII, Table 1). A) A 0.5 g (0.004 mole) sample of p - th iocreso l  was 
added gradually with s t i r r ing  and heating to 40-50 ~ to 0.5 g (0.001 mole) of t e t r ab romo  derivative VI in 200 
ml  of alcohol containing 10 drops of concentrated hydrochlor ic  acid. The mixture was hea ted  at 50 ~ for  an-  
other 2.5 h, af ter  which it was heated to the boiling point and then allowed to stand at room tempera ture  for  
8 h. The precipi ta ted c rys ta l s  were removed by fi l trat ion and washed with alcohol to give 0.3 g of VII. 

B) A total of 0.55 g of VII was s imi lar ly  obtained f rom 0.5 g (0.0009 mole) of VIII and 0.3 g (0.0025 
mole) of p - th iocreso l .  

2 ,8-Di( to lyl th io)-4 ,6-dibromoresoruf in  ( v i m .  A 0.2 g (0.005 mole) sample of finely ground di(totyl- 
thio)resorufin II was added to a solution of sodium ethoxide (0.3 g of sodium in 20 ml of alcohol), and the 
mixture was s t t r r e d a t  room tempera tu re  for 20 min. The precipi tate  was then removed by fi l trat ion and 
washed with alcohol. A total of 1 ml of bromine was added gradually with s t i r r ing  to the thus obtained so-  
dium salt of II in 15 ml of alcohol, af ter  which the mixture was refluxed for 20 min and cooled. The p re -  
cipitated red-brown c rys ta l s  were  removed by fi l trat ion and washed with alcohol and ether to give 0.25 g 
of VIII (Table 1). 

1 ,9-Dimethyl-2 ,8-di(p- tolyl th io)resoruf in  (IX, Table 1). This compound was obtained, by the method 
used to p repa re  tolylthio derivative II, f rom 0.5 g (0.002 mole) of 1 ,9-dimethylresoruf in  [12] and 0.5 g (0.004 
mole} of p - th iocreso l .  The yield was 0.3 g. 

2 ,8-Dibromoresoruf in  (XI, Table 1). An 11 g (0.058 mole) sample of 2 ,4-dihydroxybromobenzene [13] 
was added in port ions with s t i r r ing  at a mixture t empera tu re  of no higher than 60 ~ to a solution of 11 g (0.16 
mole} of sodium nitr i te in 70 ml of concentrated sulfuric acid. The mixture was held at 95-100 ~ for 4 h and 
then poured into 0.5 l i ter  of water .  The precipi ta te  was removed by fi l tration and washed with water  to neu- 
t ra l i ty  to give 4 g of XI. 

2-Tolyl th lo-7-e thoxy-3-phenoxazinone (XIII, Table 1). A 0.4 g (0.003 mole) sample of p - th iocreso l  
and four  drops of concentrated hydrochlor ic  acid were added to a suspension of 0.5 g (0.0025 mole) of 7- 
ethoxy-3-phenoxazinone (XID [14] in 15 ml of alcohol, and the mixture was s t i r r ed  at room tempera tu re  un- 
ti l  phenoxazinone XII had dissolved completely and the solution color had changed to l ight-green.  It was 
then held at room tempera tu re  for 1 h, af ter  which 10 ml of a f resh ly  prepared  10% solution of f e r r i c  chlo- 
ride was added, and the mixture was s t i r r ed .  The resul t ing c rys ta l s  were removed by filtration, washed 
with alcohol and ether, and dried to give 0.5 g of XIII. 

2,8-Di(tolylthio)resorufin Sodium Salt (X-IV). A 0.5 g (0.001 mole} sample of II was added to a solu-  
tion of sodium ethoxide (from 20 ml of alcohol and 0.2 g of sodium), and the suspension was s t i r red  at room 
tempera tu re  for  1.5 h. The green precipi ta te  was removed by fi l trat ion and washed repeatedly with alcohol. 
The yield was quantitative. Found: S 13.2%. C26H18NO3S2Na. Calculated: S 13.3%. 

2,8-Di(tolylthio)resorufin Silver Salt (XV). A 0.2 g sample of s i lver  n i t ra te  was added to a solution 
of 0.5 g (0.001 mole) of sodium salt XIV in 0.3 l i ter  of water .  The flocculent brown precipi tate  was removed 
by filtration, washed with alcohol, and dried.  

2 ,8-Di(tolyl thio)-7-ethoxy-3-phenoxazinone (XVI, Table 1). A 0.7 ml sample of ethyl iodide was added 
to a suspension of 0.4 g (0.007 mole) of s i lver  salt XV in 10 ml of alcohol, and the r -'xture was refluxed for  
1 h. The hot react ion mixture  was fil tered, and the precipi ta ted s i lver  iodide was washed on the f i l ter  with 
hot alcohol. The fi l t rate was cooled, and the precipi tate  was removed by filtration, dried, and purified with 
a column filled with A1203 (elution with anhydrous chloroform).  The orange fract ion was evaporated to 
give 0.23 g (80%) of XVI. 
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